Background: Adequate prediction of survival plays an important role in treatment decisions for patients with spinal bone metastases (SBM). Several prognostic factors are already used in daily clinical practice, but factors related to stability of SBM are still unknown. Therefore, we designed this study to identify these prognostic factors. Methods: We retrospectively assessed 915 patients from solid tumors with commonly metastased into the bone treated at our department between January 2000 and January 2012. Lung cancer (NSCLC), breast and renal cancer listed in Table 1 are the most common solid tumors with bone metastasis in this study. Prostate carcinoma was excluded due to osteoblastic SBM with no influence for stability. We calculated overall survival (OS) and bone survival (BS; time between first diagnosis of bone metastases until death) with the Kaplan-Meier method and assessed prognostic factors for BS with the log-rank test and a Cox regression model separately for patients with stable and unstable SBM. Results: Median follow-up was 9.3 months. OS after 6 months, 1, 2, and 5 years was 81, 62, 42, and 25 % in patients with stable SBM and 78, 57, 38, and 22 % in patients with unstable SBM (p = 0.851). BS was 57, 38, 22, and 5 % in the group of stable SBM after 6 months, 1, 2, and 5 years. For patients with unstable SBM BS after 6 months, 1, 2, and 5 years was 59, 39, 19, and 8 % (p = 0.755). In multivariate analysis we found male gender (HR = Conclusions: Survival was equal for patients with stable and unstable SBM. However, prognostic factors differed in both groups and stability should therefore be considered in treatment decision-making.
Background
Bone metastases occur in different types of human cancer. Particularly patients with breast cancer, prostatic cancer, and lung cancer in advanced stages have an increased risk to suffer from bone metastases [1] . Most are located in the vertebral column. Prognostic factors such as gender, age, primary site, and Karnofsky performance status (KPS) are already used in daily clinical practice and have a strong influence on treatment decisions for patients with spinal bone metastases (SBM) [2, 3] . However, prognostic factors related to stability of SBM are still unknown and may differ between both groups.
Previous studies reported that the number of bone metastases, pain, and primary tumor histology represent significant prognostic factors [4] . It has also been shown that early initiation of palliative treatment stabilizes the bone, reduces pain and may prolong survival [5, 6] . Radiotherapy (RT) is one of the most important pillars in the treatment of bone metastases and the indications for palliative RT are: pain, existing or impending instability, neurological symptoms or spinal cord compression and adjuvant RT after surgical stabilization and intervention. An approved scoring system for survival after RT related to stability of SBM is still unknown [7] .
Recently, factors such as KPS and patient-reported pain scores have been discussed for several types of cancer. However, KPS was not predictive for survival in patients with painful SBM from non-small cell lung cancer in a recent retrospective study [8] . Existing prognostic models in palliative radiation therapy proposed by Chow et al. or van der Linden et al. have still not been incorporated into daily practice [9, 10] . In 2005, the Dutch bone metastasis study developed a scoring system in 342 patients with painful bone metastases, but there were no data on bone stability [10] .
Adequate prediction of survival plays an important role in treatment decisions for patients with SBM. The objective of our retrospective study was to assess prognostic factors for survival related to stability of SBM and this study including 915 patients is the first to investigate these factors.
Methods
A retrospective chart review was carried out including 915 patients whose bone lesions were treated by RT at our department. They underwent RT for osteolytic metastases of the vertebral column due to histologically diagnosed carcinoma in the period from January 2000 up to January 2012. The diagnosis of SBM was based on computed tomography (CT) scans, magnetic resonance imaging (MRI), or bone-scintigraphy investigations. Patients were examined using CT prior to RT and were included in this retrospective analysis based on the following criteria: RT performed in the segments afflicted, osteolytic metastases, localization in the thoracic and lumbar spine. Accordingly, 915 patients presenting bone lesions in the thoracic (62 %) and lumbar (38 %) spine were evaluated. Many patients exhibited more than one treated lesion. In those cases only one lesion, which seemed essential for stability, per vertebral body was included in the analysis. The patient data were taken from the Heidelberg NCT Cancer Registry. The Heidelberg Ethics Committee approved this study on 22 October 2012. Due the retrospective design, informed consent was not required.
Patients' characteristics
Out of the 915 patients, 455 cases (49.7 %) were classified as unstable. The stability of each affected vertebral body was defined as pedicle involvement or osteolytic lesion over 60 % of the vertebral body. Patients were evaluated using CT imaging recorded before RT to plan treatment and at the 3 and 6 month follow-up examinations [11] .
Patients' mean age at diagnosis of SBM was 63 years (+11 years). Gender was balanced with 498 male patients (53 %) and 426 female patients (47 %). In 46 % of the patients KPS was lower than 80 %. The most frequent (46 %) primary site was non-small cell lung cancer (NSCLC), followed by breast cancer (20 %). In 62 % of the patients (n = 563) the thoracic spine was involved, in 38 % (n = 352) the lumbar spine. The study involved 417 patients (46 %) with solitary metastases, while in 498 patients (54 %) multiple vertebral bodies were affected. More than half of all patients were treated with bisphosphonates (71 %) and/or received chemotherapy (CHT) prior to RT (55 %). Almost half of the patients (48 %) were prescribed an orthopedic corset (Table 1) .
Radiotherapy
After virtual simulation was performed to plan the radiation schedule, RT was carried out over a dorsal photon field with the energy 6 MV. The photon field covered the specific vertebral body affected as well as the ones immediately above and below. Most of the patients (72 %; n = 663) were treated with 10 × 3 Gy, 89 patients with 14 × 2.5 Gy, 150 patients with 20 × 2 Gy, and 13 patients with other individual doses. The median individual dose in all patients was 3.0 Gy, the median total dose was 30 Gy. The individual and total doses were calculated separately for each individual patient, depending on the histology, the patient's general state of health, the current staging and the respective prognosis.
Statistical analysis
The empirical distribution of continuous variables is described by number of observations, mean and standard deviation; the description of categorical variables includes the number and percentage of patients belonging to the relevant categories. "Bone survival" (BS) was defined as the time from initial diagnosis of SBM until death. The time of site irradiation was not equal to the time of initial diagnosis of SBM. Bone metastases distal to the irradiated site were not included. Overall survival (OS) was defined as time from initial diagnosis of cancer until death. We estimated patient survival using the Kaplan-Meier method. Patients were censored on the basis of whether or not they were alive. The univariate logrank test was used to evaluate the prognostic importance of age, gender, localization of metastases, KPS, breast cancer, NSCLC, renal cancer, liver metastases, cerebral metastases, lung metastases, skin metastases, CHT prior to RT, number of bone metastases, bisphosphonates, orthopedic corset and RT schedule. Results were reported as the p-values of the log-rank tests. Multivariate analysis was performed to detect factors independently associated with BS using a Cox regression model. This regression analysis was performed by inclusion of all clinical characteristics. The results are reported as p-values, hazard ratios (HR) and 95 % confidence intervals (CI). For all analyses, a p-value of 0.05 or less was considered significant (correction factor for multiple tests). All statistical 
Results
The median follow up of all patients was 9.3 months with a mean of 12.2 (range 0.4-130.1 months). OS rates after 6 months, 1, 2, and 5 years were 81, 62, 42, and 25 % in the group with stable SBM and 78, 57, 38, and 22 % in the group with unstable SBM respectively (Fig. 1) . BS, in the group with stable SBM, was 57 % after 6 months, 38 % after 1 year, 22 % after 2 years, and 8 % after 5 years. In the group with unstable SBM BS was 59 % after 6 months, 39 % after 1 year, 19 % after 2 years, and 8 % after 5 years respectively (Fig. 2) . At last follow-up 25 % of the patients with stable metastases and 22 % of the patients with unstable metastases were still alive. There was no statistically significant difference between both groups, neither in OS nor in BS (Table 2 ). In both groups, patients with stable and unstable SBM, we found male gender (p < 0.001; p < 0.001), KPS <80 % (p < 0.001; p = 0.046), multiple osseous metastases (p = 0.027; p = 0.001), breast cancer (p < 0.001; p = 0.019), NSCLC (p < 0.001; p < 0.001), renal cancer (p < 0.001; p < 0.001) and wearing an orthopedic corset (p = 0.045; p = 0.002) to be statistically associated with shortened bone survival.
Multivariate analysis identified various independent prognostic factors for BS in patients with stable and unstable metastases. Risk factors in stable SBM were male sex with HR = 1. (Table 3) .
CHT prior to RT, localization of metastases, concomitant bisphosphonates as well as the radiotherapy schedule did not statistically significantly influence BS in both groups.
Discussion
Gender, primary site, age and KPS are well known prognostic factors in tumor disease. However, prognostic factors for survival related to initial stability of SBM are still unknown. Therefore, the objective of this retrospective study with 915 patients was to assess prognostic factors for survival related to stability of SBM. Adequate prediction of survival is important in deciding on treatment for patients with SBM. In our study we found no difference in BS or OS between patients with stable and unstable SBM. This is in agreement with previous reports in which stability did not influence survival. Neither in lung cancer, with an extremely short survival time [8] , nor in breast cancer, with a significantly better prognosis [12] , did stability of SBM effect survival times. However, we were able to show that prognostic factors for bone survival differ between patients with stable and unstable metastases. For stable SBM gender, KPS, and Fig. 1 Overall survival of patients with stable and unstable spinal bone metastases primary site were identified as prognostic factors. Number of metastases, age, primary site, and wearing of an orthopedic corset were prognostic factors in patients with unstable SBM. In both groups visceral metastases, particularly liver metastases, were associated with a significantly shorter survival. Previous studies on prognostic factors for survival after diagnosis of bone metastases support our result. A recent study identified five factors in elderly breast cancer patients as independent predictors of survival: visceral metastases, time developing motor deficits, ambulatory status, performance score, and number of involved vertebrae [2, 13] . In another previous study symptomatic spinal metastases, pretreatment albumin level, primary cancer site, KPS, and number of visceral metastases were associated with survival [3] . 46 % of the patients in our study suffered from lung cancer (NSCLC), most of which were males, with a poor prognosis whether the bone lesions are stable or unstable [8] . On the other hand women with breast cancer, 20 % in our study, have a better prognosis in BS and OS [12] . Patients with multiple bone metastases [14] are frequently those requiring an orthopedic corset. The additionally immobilization may worsen morbidity and quality of life in those patients, which in turn could explain the significantly reduced survival probability. In a recent study we demonstrated that the incidence of pathological fractures is not significantly increased without a surgical corset [15] . We thus believe that clinicians should focus more on patients' individual situations when prescribing surgical corsets. Concomitant bisphosphonate treatment did not influence survival in our analysis. We believe that the median follow-up of 9.3 months might have been too short to detect any effects of bisphosphonate therapy. In a study in 2004 bisphosphonate therapy itself contains a 9-months core phase and a 12-months extension phase. The final analysis in this study was performed at 21 months after therapy. Here median time to first skeletal-related events was prolonged by nearly 4 months, so we conclude the benefit for stability can only be demonstrated in a longer follow-up [16] .
This study is focusing on stability and survival time, thus other factors such as pain, quality of life, neurologic indication, data on additional osteolytic or osteoblastic lesions, operative stabilization, comorbidity, pathologic fractures or incidence of new metastases are not recorded in this analysis. This should be included in further investigations. Data on time between first diagnosis of cancer and first 
Conclusion
This study found no difference in BS or OS between patients with stable and unstable SBM in different types of cancer. However, prognostic factors differed between both groups and stability should be considered in treatment decision-making.
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